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ABSTRACT—In Canada and in British Columbia, the interior Western Screech-Owl (Megascops
kennicottii macfarlanei) has been assessed as a species at risk primarily as a result of loss and
degradation of low-elevation riparian habitat. Few data exist on population demographics of this
subspecies. We analyzed annual survival of 19 radio-tagged adult owls from 2009 through 2013
using known-fate models. Time and sex dependence in annual survival rates were examined. The
best approximating models suggested that female annual survival (28%) was lower than male
survival (83%). Owl survival was lowest prior to incubation and during brood rearing, times when
owls are most vocal. Mortality was attributed to avian predation and road mortality. Management
practices to preserve habitat during the critical breeding period are encouraged in light of this
research.
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In British Columbia, 2 subspecies of Western
Screech-Owl are recognized: the interior (Mega-
scops kennicottii macfarlanei) and coastal sub-
species (M. k. kennicottii). M. k. macfarlanei is
distributed in the southern interior of British
Columbia and ranges from the community of
Lillooet to the west and the Flathead Valley to
the east (Fig. 1; COSEWIC 2012). This sub-
species was recently assessed federally as
threatened by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC
2012) and the Species at Risk Act. Provincially,
it is red-listed (BCCDC 2014) and is managed
under the Identified Wildlife Management
Strategy (MWLAP 2004). Population declines
are primarily attributed to low-elevation habitat
loss and degradation (COSEWIC 2012).
Western Screech-Owls are socially monoga-
mous and retain mates for life (Hertling and
Belthoff 2001). They are sexually dimorphic,
with females averaging 4% larger than males
(Cannings and Angell 2001). Western Screech-
Owls are territorial and remain on territories
in low-elevation riparian forests year-round
(Davis and Weir 2010). They typically nest in
mature Black Cottonwood (Populus trichocarpa)
trees (Cannings and others 1987) and roost and
forage in adjacent coniferous habitat and mea-
dows (Cannings and Davis 2007). Eastern
Screech-Owl (Megascops asio) males defend nests
more vigorously than females (Sproat and
Ritchison 1993), and Western Screech-Owl
males supply most of the food during the
nestling period (Cannings and Angell 2001), so
we hypothesised that male survival would be
lower than that of females.
Reproduction and survival are essential com-
ponents of animal fitness and population
dynamics (Byron and others 2001). Estimates
for reproduction are generally easier to measure
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than survival, as the latter require long-term
studies of marked individuals (Lebreton and
others 1992). For endangered species, survival
rates are critical to monitor populations and in
designing conservation plans (Lebreton and
others 1992). Relatively little is known about
Western Screech-Owl demographic parameters
(Cannings and Angell 2001); research on sur-
vival and mortality sources has been recom-
mended for the species’ recovery in Canada
(WSRT 2008).
METHODS
We attempted to capture owls after locating
them by call playback inventory (concurrent
study) during a time when they were most
territorial (March–July and September, 2009–
2012). Captures took place at 12 territories
located in southeastern British Columbia within
the Southern and Central Columbia Mountains
and Southern Purcell Mountains ecosections
(Demarchi 1995), and included the low-eleva-
tion (,1000 m) areas near Creston, Salmo,
Slocan, Trail, and Fruitvale (Fig. 1). These areas
are within the Interior Cedar Hemlock biogeo-
climatic zone (ICHxw, ICHdw1 variants;
BCMOF 2004). The regional forest ecosystem is
diverse and main tree species include Douglas-
fir (Pseudostuga menziesii), Western Hemlock
(Tsuga heterophylla), Lodgepole Pine (Pinus con-
torta), Western Redcedar (Thuja plicata), Grand
Fir (Abies grandis), Paperbirch (Betula papyrifera),
Ponderosa Pine (Pinus ponderosa), Trembling
Aspen (Populas tremuloides), and Black Cotton-
wood (Populus trichocarpa). Common Snowberry
(Symphoricarpos albus), Beaked Hazelnut (Cor-
ylus cornuta), Chokecherry (Prunus virginiana),
Tall Oregon Grape (Mahonia aquifolium), False-
box (Paxistima myrsinites), Saskatoon (Amelanch-
ier alnifolia), Red-osier Dogwood, (Cornus stolo-
nifera), Thimbleberry (Rubus parviflorus), and
Douglas Maple (Acer glabrum) are common
shrubs.
For capture, we set up a 9 x 3 m, 60-mm mesh
mist net with a Western Screech-Owl stuffed
decoy mounted on a 1.5-m meter pole adjacent
to the net. Using a megaphone (model ER-
604W, TOA Corporation, Kobe, Japan) below
FIGURE 1. Distribution of Western Screech-Owls, coastal kennicottii sub-species in red, and the interior
macfarlanei in black. Study area is outlined in green. Map adapted from COSEWIC (2012).
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the decoy and approximately at the center of the
net, we broadcast a variety of social and mating
calls (Smith and others 1983) recorded from
owls in the Okanagan region of British Colum-
bia. Call playback, controlled via a long cord
connected to an MP3 player (model a1236 EMC
iPod, Apple Inc, Cupertino, California, USA),
commenced approximately 1 h after sunset, was
played for 1.5 min, and followed by 3.5 min of
silence between cycles. To minimize distur-
bance to owls, we limited our capture attempts
to 1-h sessions per night and only attempted
captures at the same territory for 2 subsequent
nights. If a Barred Owl (Strix varia) or Great
Horned Owl (Bubo virginianus) was seen or
heard, we ceased capture attempts for that
night. We used fishing bells attached to the
net to alert observers when owls struck the net.
We used a bal-chatri trap baited with a live
domestic mouse in tandem with the mist nets
for 11 of 19 owl captures. If an owl showed
interest in the prey, we stopped broadcasting
and allowed the owl to focus solely on the prey.
Nets and traps were attended at all times.
Individuals were classified according to sex
using a combination of morphological measure-
ments (mass, wing chord) and by analysing their
vocalizations during and after capture. The male
call is lower in frequency than that of the female
(Hertling and Belthoff 2001) and can be identified
by ear especially when both sexes are calling.
Owls were banded and radio-tagged with
backpack-mounted transmitters as described by
Smith and Gilbert (1981; model no. PD-2 and RI-
2C, Holohil Systems, Carp, Ontario, Canada).
Radios were sewn and glued in place using
epoxy. Transmitters weighed 3.7 to 6.0 g (#3.0%
of the mass of the birds), had a 20-cm antennae,
and a battery lifespan range of 6 to 9 mo.
Owls were directly tracked using an H-
antenna and Lotek STR 1000 receiver once per
week and their presence visually confirmed on
roosts. No call playbacks were used during
telemetry. We tried to determine cause of death
from carcasses and associated sign at a kill site as
soon as possible after time of death, recognizing
that scavengers can make it difficult to assess
cause-specific mortality (Bumann and Stauffer
2002). Mortality events were classified as avian
predation if feathers were plucked without
evidence of chewing, roosting owls or raptors
were found nearby, pellet or whitewash was
found at the site, or no bite marks were found on
the transmitter. As radios were sewn and glued
in place during capture, we knew an owl was
predated if the transmitter was recovered on its
own with straps intact. In these cases, however,
there was not enough evidence to determine
cause of mortality (n 5 3).
We analyzed annual survival in program
MARK (White and Burnham 1999), using
known-fate models which incorporate the
Kaplan-Meier product-limit method (Kaplan
and Meir 1958) with staggered entry (Pollock
and others 1989). Known-fate models assume
radio tagging does not affect an individual’s
fate, individual fates are independent, and that
censoring is unrelated to mortality (White and
Burnham 1999). We had no deaths in the 1st
week immediately following capture, and 4
individuals that were recaptured gained weight
while wearing a transmitter. We constructed
models with sex as a group effect and year as
a covariate to determine whether survival rates
varied by year, month, season, or sex or
a combination of these variables. Two owls
were recaptured and radios replaced for a sub-
sequent year of study, yielding 2 y of survival
data. Annual survival was estimated for the
year starting March 1. Seasons were delineated
as breeding-nesting (February–April), rearing
young (May–August), and non-breeding (Sep-
tember–January). We based model selection on
the small-sample size adjusted Akaike’s in-
formation criterion (AICc). Models within a D
AICc , 2 showed insufficient evidence to
be excluded as the most credible models. A D
AICc . 2 but , 4 provided weak evidence that
TABLE 1. Annual survival models varying by sex,
year, month, and season for M. k. macfarlanei in
southeast British Columbia, 2009–2013. K is the
number of parameters estimated by the model; Dev
is deviation; D AICc is the difference between a given
model and the model with the lowest AICc1 score; and
AICc weight (wi) reflects the relative support for
each model.
Model K Dev D AICc wi
S (sex) 2 49.2 0.0 0.43
S (season) 3 49.0 1.9 0.18
S (season * sex) 6 42.5 1.9 0.18
S (null model) 1 54.1 2.8 0.11
S (year) 2 54.0 4.9 0.04
S (year + month) 7 45.0 6.7 0.02
S (year) 2 54.0 4.9 0.03
1 The lowest AICc score was 53.3.
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the models were not the best fitted in the set.
Models with D AICc. 4 but, 7 exhibited strong
evidence that the models were not the best fit in
the set for the data (Burnham and Anderson
1998). Results reported are estimates ± SE.
RESULTS
We captured and radio tagged a total of 17
unique adult M. k. macfarlanei from 12 territories
between 2009 and 2012. From these owls we
obtained 692 radio locations between March
2009 and February 2013. The models that best fit
the data for annual survival were those in which
survival varied between sexes and amongst
seasons and years (Table 1). Apparent annual
survival (w) for all adult owls was 63.2%,
whereas annual survival probability (S) was
50.4% ± 13.1 (n 519). Male and female survival
probabilities were 83.4% ± 15.1 (n 5 9) and
27.6% ± 14.5 (n 5 10), respectively. Seasonal
survival was lowest for females (S 5 70.0% ±
14.5) during breeding-nesting, and lowest for
males during brood rearing (Table 2).
Seven owls died during the study, of which 6
were female (Table 3). For 3 individuals, only
the radio remained and their cause of death
could not be determined (Table 3). Three indi-
viduals died of avian predation during breeding
and brood rearing. The remains of one of these
females were found at the top of a broken-top
tree and we suspect that she was killed by
a Northern Goshawk (Accipiter gentilis). One
was killed by a Barred Owl and the other was
killed by either a Barred or Great Horned Owl.
One female was recovered after being hit by
a car on a busy road.
DISCUSSION
Our overall average estimate of annual
survival was 50%, with 83% and 28% survival
of males and female, respectively. Although no
other estimates of survival exist that we know
of, other studies in British Columbia have
reported high territory turn-over rates (Tripp
and Otter 2006; Davis and Weir 2008). In the
Shuswap region of British Columbia, there was
a higher estimated territory turnover rate for
radio-tagged M. k. macfarlanei females (71%; n 5
7) than for males (66%; n 5 6) (Davis and Weir
2008). Based on vocal analysis of M. k. kenni-
cottii, territory turn-over rates on Northern
Vancouver Island were estimated as 28–50%
(Tripp and Otter 2006).
Female M. k. macfarlanei survival was consid-
erably lower than that of males, consistent with
other studies showing female-biased avian
mortality across 194 bird species (Liker and
Sze´kely 2005). Perhaps for female M. k. macfar-
lanei, energetics for egg production, incubation,
and brooding may have a higher cost on
survival than male nest and territorial defense
and feeding. As Western Screech-Owls are
socially monogamous, less intense male-male
competition is required. Additionally, only 2
territories in the study area occurred adjacent to
each other, so the energetics required for male
intraspecific defense was likely low.
However, studies of Northern Spotted Owls
(Strix occidentalis caurina; Forsman and others
2011), and Tawny Owls (Strix aluco; Karell and
others 2009) showed no sex differences in adult
annual survival. Millon and others (2010)
showed adult survival (age $ 2) in Tawny
Owls to be higher for females than males.
Similarly, Severinghaus and Rothery (2008)
reported female survival of Lanyu Scops Owls
(Otus elegans botelensis) to be consistently higher
(7%) than that of males.
Social monogamy generally produces male-
biased ratios (Brotherton and Komers 2003).
Given the small population size of M. k.
TABLE 2. Estimated male (n 5 9), female (n 5 10),
and total (S) seasonal survival rates of M. k. macfarlanei
in southeast British Columbia, 2009–2013, reported as
% ± SE. Seasons were delineated as breeding-nesting
(February–April), rearing young (May–August), and
winter (September–January).
Season Male Female Total S
breeding-nesting 100 ± 0.0 70.0 ± 14.5 84.2 ± 8.4
rearing young 95.7 ± 4.3 91.3 ± 5.9 93.5 ± 3.6
winter 100 ± 0.0 96.1 ± 3.8 98.4 ± 1.6
TABLE 3. Cause-specific mortality of M. k. macfarla-




of death Likely cause of mortality
M 2009 June Great Horned-Barred Owl
F 2009 July Unknown
F 2010 February Unknown
F 2010 March Barred Owl
F 2011 August Goshawk
F 2012 February Unknown
F 2012 October Vehicle
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macfarlanei in the west Kootenay region, large
variation in survival by sex can have profound
effects on population dynamics and extinction
probabilities, and must be considered in conser-
vation planning (Magdalena and others 2011).
In addition to sex, the models that best
described the data included survival varying
with season. Owl mortalities coincided with
seasons when the species was most vocal; during
breeding and nesting (late February and March,
n 5 3), and again during brood rearing (June,
July, and August, n 5 3). The number and
duration of vocalizations is greatest during the
breeding season (Hertling and Belthoff 1997).
M. k. macfarlanei began unsolicited calling in the
west Kootenay region from mid-February to the
end of March prior to nest initiation. Earliest nest
initiation in the west Kootenay region was March
15 (n 5 7). Similarly, most of the territory turn-
over observed in the Shuswap occurred during
February and March (Davis and Weir 2008). Owls
are relatively quiet through nesting (Cannings
and Angell 2001); however, broods followed
through radio tagging were quite conspicuous
once young fledged and before they dispersed,
mostly because juvenile birds maintained con-
stant vocal contact with parents. Fledging in the
west Kootenay region occurred from the last
week of May through mid-June (n 5 11).
Dispersal of juvenile owls occurred approximate-
ly 8 wk post-fledging. All 3 owls (2 females,
1 male) killed in June, July, and August had
fledglings with them at the time of their
mortality. We also documented juvenile mortal-
ity during this time period, as 1 of 4 radio-tagged
juvenile owls died of predation before dispersing.
Three mortalities were likely due to avian
predation, and occurred at times when owls are
most conspicuous. Evidence suggests that 2
mortalities of adult M. k. macfarlanei can be
attributed to Barred or Great Horned Owls.
Similarly, the Shuswap radio-telemetry study
attributed 2 of 3 mortalities of radio-tagged
adults to predatory owls (Barred or Great
Horned; Davis and Weir 2008). Barred Owls
were observed during capture attempts and
flew in silently several times during inventory.
A male from a territory with particularly
aggressive Barred Owls, shifted to an adjacent
territory when his mate died. Barred Owl
expansion in coastal North America appears to
coincide with Western Screech-Owl declines
(Elliot 2006; Acker 2012). The impact that Barred
Owls have on Western Screech-Owl popula-
tions has not yet been quantified, but will likely
increase in the coming years as Barred Owls
become more established (Acker 2012).
One radio-tagged individual died of road
mortality, and 2 untagged M. k. macfarlanei were
found killed on roads in the Kootenays during our
study. Similarly, a radio-tagged individual and an
unmarked individual were killed along roads in
the Shuswap region (Davis and Weir 2008). From
1995 to 2005, 16 M. k. kennicottii were found killed
by vehicle traffic in the Lower Mainland and
Central Fraser Valley (Preston and Powers 2006).
Road mortality is likely associated with both
subspecies’ use of edge habitat, and is likely to
increase with further development of riparian
areas. Current management ofM. k.macfarlanei on
public lands in British Columbia include the
creation of Wildlife Habitat Areas (WHAs), which
conserve breeding habitat. Under this strategy, it
is recommended that road building is avoided
within a WHA (MWLAP 2004); our research
supports this recommendation.
In owl species, reproductive performance
(Flesch and Steidl 2010) and survival can vary
with habitat quality (Drugger and others 2005;
Hakkarainen and others 2007). Conserving breed-
ing habitat on public lands (WHAs) is encouraged
in light of our research, which suggests that
mortality is highest for M. k. macfarlanei during
the breeding period. Wildlife habitat areas should
reflect current knowledge about home-range sizes
in British Columbia (Davis and Weir 2010). On
private lands, stewardship practices and land
acquisition should focus on habitat use during the
critical breeding period.
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